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ABSTRACT

Cccupational noi se exposure neasurenents are usually conducted
usi ng a neasurenent nethodol ogy based on sound |evel neters or
noi se dosimeters. Various researchers have examned the relative
accuracies of these instrunments in both |aboratory and field
studi es: however, a paucity of data exists as to their absolute
accuracies in relationship to the reference position. The
reference position, which is the center of the head with the worker
absent, nmainly stens fromthe early |aboratory research on damage-
ri sk assessments of noise exposure. \Wenever any object enters the
sound field, the sound |level of the sound field at the measurenent
| ocation changes. This study nekes absolute and relative
conpari sons between the measuring positions where noise dosineters
and sound | evel neters are used in assessing noise exposures. This
field study concludes that there is no practical difference between
the sound levels neasured with sound |evel neters or noise
dosineters as long as the instrunents neet type 2 tol erances as
defined in the Arerican National Standards Institute standard Sl.4.
Type 2 instruments are generally specified as having an accuracy of
+ 2 dBA. In addition, this study corroborates previously reported
Taboratory studies that were used to fornmulate Mne Safety and
Health Adm nistration policy for the location of the noise
dosi meter m crophone.

| NTRCDUCTI ON

Noi se exposures are usually assessed with either a sound |evel
meter or a noise dosineter depending upon instrunent availability
or the personal choice of the industrial hygienist or acoustical
engineer. The Mne Safety and Health Administration (MSHA) in its
nolse regulations for coal mning (30 CFR Part 70) and
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nmetal /nonmetal mning (30 CFR Part 56 and 57) permits the use of
either instrunent for assessing the noise exposure of mners. The
testing and eval uati on of noise dosinmeters and sound | evel neters
has shown that both types of instruments accurately neasure the
sound |l evel of a sound field (I-8). Thi s study assesses which
m crophone position yields data nost conpatible to the reference
position under realistic field mning conditions. This field study
only assessed the microphone locations and not the inherent
accuracy of the instruments or sanpling methodol ogy.

The reference position, which was adopted for this study, is
defined in the scientific literature as the nmeasurenent of the
undi sturbed sound field at the center of the head without a person
in the sound field (9,10. This reference position stens from the
early experinental work conducted to determine a danmage-risk
criteria for noise exposures using tenporary threshold shifts.
Alnmost all of this work was conducted under |aboratory conditions.
Unfortunately, it is not practical to measure noi se exposures in
the field at the reference position. In addition, anybody or
anything that enters the sound field distorts the sound field thus
maki ng accurate noi se neasurenents difficult to conduct. Depending
upon the mcrophone location in relation to the object placed in
the sound field, the neasured sound |evel can equal, exceed, or be
| oner than the sound level at the reference position

This study attenpts to determine the relationship between the
sound | evel at the various neasurenent |ocations enployed when
using a noise dosineter or sound |level neter and the reference
location. It is clear that the reference noi se neasurenments cannot
be conducted sinultaneously with the noise dosineter and/or sound
| evel neter noise neasurenments since the latter is tied to the
worker while the former requires his absence. In the l[aboratory,
t he renoval from and replacenent in the sound field of a worker
presents no special problem because the environnental sound field
Is easily controlled. However, at actual work sites the removing
and replacing a worker fromthe sound field, while maintaining a
constant sound field, presents many difficulties. This required a
judicious selection of nachine-type, operating node, and
Instrunentation in order to surnount these difficulties.

Most researchers have concl uded that both the sound | evel
nmeter and noi se dosimeter are accurate. The usual experinental
design was to conpare the results of one nethodology with the other
(4,7,8,11-14). Sinply conparing the results of sound |evel neter
and noi se dosineter neasurenents only yields information about

their relative accuracies; however, little information is obtained
about their absolute accuracies in relation to the reference
position. If the results agreed, one could argue both neasurenents
were equally accurate. However, if the results disagreed, one

could not state definitively which neasurenent was nore accurate.
For the nost part, noise exposures measured with noise dosineters
have agreed with those nmeasured with sound | evel neters in steady
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state sound fields. However, when the sound field fluctuated
rapi dly, the noise exposures nmeasured with noise dosineters tended
to be higher than those nmeasured with sound |evel neters (7,8,14).
It is difficult to accurately determne the sound level in a
fluctuating sound field by sinply watching the needl e nove. Mbst
researchers believe that the noise dosineter better integrates the
contribution of short term fluctuations in the sound field

(7,8,14) |

Furthernore, the problemis conpounded by the differences in
noi se exposures resulting from the noi se dosineter mcrophone
| ocation on the body of the worker (14-22). Many locations in and
around the ear have been used when assessing noi se exposure with
noi se dosimeters. Researchers have sinply used the position which
was nost convenient for them In fact, not all researchers have
even reported the noi se dosineter mcrophone position (23-25). In
addition, many instrunment manufacturers have not specified the
optimum | ocation for the m crophone when assessing noi se exposures.
Depending wupon the frequency and the position of the noise
dosi neter m crophone in relationship to the noise source, the
difference for a 12.5 mllimeter m crophone can range up to 16 dB
fromthe reference position under free field conditions and up to
3 dB under reverberant field conditions (16). The magni t ude of
these differences varies with m crophone size (15-20). M crophone
positioning is critical for directional high frequency noise
sources in a free field. Therefore, it is necessary to specify the
position of the noise dosinmeter m crophone on the worker in order

to assure uniformty of neasurenent results. Li kewi se, the
| ocation of the sound [evel meter m crophone nust al so be specified
26) |, Mcrophone orientation is also a problemat the reference
posi tion.

EXPERI MENTAL PROCEDURE

Prior to making any field neasurenments, the responses of al
field mcrophones were conpared to a m cr ophone calibrated by the
National Bureau of Standards (NBS)” . The linearity and frequency
responses of the field m crophones were determ ned. Cerami c
m crophones (12.5 mllimeters in dianeter) were used to collect the
field data. The frequency res?onses were conducted in an anechoic
chamber which has a |lower cutoff frequency of 200 Hertz (Hz). The
linearity neasurenents were conducted in a coupler. In order to
mnimze the correction factors, the microphones were matched as
closely as possible for frequency and linearity responses. Figure
1 shows the free field frequency response of the m crophones. At
the time of the data collection, nopst of the noise neasuring
Instrumentation, wused by MSHA inspectors for conducting noise

~ °The nane of NBS has been changed to the National Institute of
Sci ence and Technol ogy.
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exposure surveys, were equipped with 12.5 mllinmeter dianeter
m cr ophones.

Fig. 1 Frequency response of mcrophones
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The measuring system consists of a 12.5 mllineter dianeter
m crophone connected to a frequency nodulated (FM transmtter for
transmtting the noise signal. A FMreceiver receives the signal
and the denodul ated audio signal is fed into a tape recorder. At
the laboratory, the taped data is analyzed with a real tine
anal yzer. Figure 2 presents the schematic of the measurenent
system

Fig. 2 Schematic of instrunmentation
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In addition to calibrating the field mcrophones,
conprehensive calibration work was conducted on all field
instrunentation so that any relationships between the sound |evel
nmeter position, noise dosinmeter position, and the reference
position would be strictly due to the positions and not due to
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di fferences between the equi pnent. The | aboratory tests, which
were conducted in an anechoic chamber, determned both the
frequency response and the linearity response for the tota
component  package, including the tape recorder and the FM
transmtting and receiving units, of each measuring system

A sound field was established using the NBS calibrated
m crophone and then each neasuring system was subjected to the
field. The fields were varied by frequency and | evel. The
m crophone response to the sound field was eval uated based upon the
taped data. Thus each nmeasuring systemwas tested in its entirety.

Any deviations of the measurenent system from the ideal
response, as determ ned by conparison with the NBS cali brated
m crophone, were used to correct the raw data.

All tests were conducted where the worker would normally
operate the piece of mning equipnent. The m ning machi nes were
| ocated where they could be safely operated in a | ocked-up node
with the worker absent. The locations sinulated the environment in
which the mning nachines operated. For exanple, mning nmachines
whi ch are operated at the face were withdrawn to a dead end headi ng
or to just behind the face, not to a crosscut or haul age way. The
safety of the personnel conducting the environnmental noise
measurenents and the m ning machi ne operator was considered. Al so,
the sound field generated by the m ning nachine had to remain
constant over tine.

Wth the mining nmachine in a |ocked-up node and with the
operator absent the followng series of tests were conducted:

4 Center of head reference neasurements, sound |evel neter
position measurenents, and right and left shoul der noise
dosi meter positions weretaken using a mcrophone nounted
on a tripod equipped wth a test fixture so that the
m crophone di aphragns pointed in a vertically upward
direction. Figure 3 presents a schematic of the
measur enent | ocati ons.

b) Field gradient neasurements were taken in and around the
SEace whi ch woul d be occupied by the worker to ascertain
the existence of possible spatial differences in the
sound field.

c) Sound | evel neter position neasurenents were
taken by a neasurenent technician in the
vicinity of the space which woul d be occupied
by the worker's head, approxinmately at ear
level, 30 centimeters fromthe ear. The 12.5
mllineter dianeter mcrophone was attached to



Fig. 3 Mcrophone positions In undisturbed
sound field
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the body of a sound |evel neter (GenRad 1983%
thus sinmulating the geometric effects of an
actual sound |level neter. Measurenents a? and
b) above were repeated with the sound [evel
meter and technician present.

Wth the mning machine in the |ocked-up node and with the
operator Present the following series of tests were conducted:

d) Dosi neter m crophones were attached to the left and right
shoul ders of the operator with the m crophones |ocated at
the top of the shoulder, mdway between the neck and the
end of the shoulder with the m crophone pointing in a
vertical upward direction. This 1s the position
‘specified by MSHA for inspectors to assess the noise
exposure of mners.

e) The sinulated sound | evel neter was used by a measurenent
technician in much the same way as an inspector
woul d, sequentially placing the instrument 30

centineters fromthe operator's right and left ear.
Simul taneous with the evaluation of the sound |evel neter
position, the dosinmeter m crophone positions on the
operator's left and right shoul ders were al so eval uat ed.
Figure 4 is a schematic of the neasurenment positions.

Table 1 summarizes the measurenment |ocations for tests a, d,
and e. In addition two other tests were conducted. They are

I'S made to facilitate

°Reference to manufacturers
tute an endorsenent by the ne

under standi ng and does not consti
Safety and Health Adm nistration



Fig. 4 Mcrophone positions on operator
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f) A field nonitor was used at a remote |ocation (1.8-3.0
meters away fromthe mning machine) to sanple the sound
field during the course of the above tests a) through e).
If the sound field changed significantly according to the
monitor, the entire series of tests, starting wth the
center of the head position, were repeated.

9) Acoustic calibration test tones were used on all
m crophones i medi ately before and after each sequence of
tests and recorded on magnetic tape. The acoustic
calibration tones were chosen to be at approximately
t he sane sound pressure |level as the noi se being nmeasured
in order that the noise would not overdrive the tape
recordi ng system

Al noise measurenents, except the calibration test tones
whi ch were taped when the equi pnment was not operating, for each
series of tests were conpleted before the piece of mining equi pmrent
was turned off and the mning equipnent was restarted prior to the
next sequence of tests. A tw minute sanple was tape recorded for
each test in the test series. The test sequence was conducted in
triplicate on each nachine.

DATA ANALYSI S

The field monitor data were analyzed on a Bruel and Kjaer Type
2307 chart recorder which presents the |level versus tinme data.
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Also, for each test a frequency spectrum was obtained using a
CenRad nodel 1995 integrating real time anal yzer. Subst ant 1 al
changes to either the A-weighted sound |evel or frequency SRectrum
woul d invalidate the entire series of tests. Fortunately, this did
not occur.

Al taped data were anal yzed using the integrating real tine

analyzer. An integration time of approximately 120 seconds was
used. The fairly long integration time was chosen to mnimze the
effects of any minor fluctuations in the sound field. All

frequency spectra were in third octave bands from 200 to 8000 Hz.
In order to sinplify drawi ng conclusions, the third octave band
frequency spectra were converted to A-weighted sound levels. Al
concl usions are based upon the A-weighted sound |evels.

RESULTS

Tabl e 2 presents the m ning machi nes sel ected and | ocati on
where the mning nmachine was used at a mne. The m ning nachines
were chosen so that they conprised equi pnent normally found at
strip mnes, underground nines, and preparation plants. The
equi pment surveyed Is not intended to be a representative or a
random sanpl e of mning equipnent.

Table 3 presents the corrected A-weighted sound levels at the
sel ected positions for each piece of mning equiprment. Because of
environnental constraints, it was not always possible for the
technician to measure the sound |l evel on both sides of the worker
in the sound field. Normally, a mne inspector would neasure the
sound |l evel on the side of the mners which is exposed to the
hi ghest sound | evels. The results for the sound |evel neter
position are either the highest sound | evel neasured at the two
possi bl e sound | evel neter positions or the sound |level at the one
sound | evel nmeter position which could be neasured safely by the
measurenent technician [SLMO T)]. The A-weighted sound | evel at
the reference position was subtracted fromthe A-weighted sound
| evel at each position and this information is presented in table
4. Negative differences result from the reference position having
a higher sound level than the neasured position

~ The sound levels with the worker absent are presented in table
5 with table 6 presenting the differences fromthe reference
posi tion. Table 7 summarizes the data in table 6.

Table 8 presents data simlar to table 3 except the sound
| evel s are for the nost and | east exposed ear. As with the
previous data, data were collected for only the worker and both the
wor ker and neasurenment technician in the sound field. HMS is the
hi ghest sound level with only the worker in the sound field and LMS
is the lowest. HBS is the highest sound |evel when both the worker
?nd qFasurenent technician were in the sound field and LBS is the

owest .




9

Table 9 presents data for the shoulder from which the sound
| evel meter position was |ocated and conpares the A-weighted sound
| evel s at the sound level neter position with the dosineter

position on the sane shoul der. Table 10 sunmarizes the data in
table 9 by the location of the mning nmachinery.
DI SCUSSI ON

Tabl e 11 sunmarizes the results of the neasurenents at the
various positions in relationship to the reference position for the
surveyed mining equi prent. The neasurements on the operator of the
track mounted drill showed the |argest deviation fromthe reference
position with the |oconotive show ng the second |argest deviation.
For both of these pieces of mning equi pnment the neasured sound
level at the selected positions was |ess than the sound | evel
measured at the reference position. Conparing the positions in the
undi sturbed sound field with the neasurenents on the worker showed
that the deviation fromthe reference position was |ess for the
?ndfgturbed sound field than for when the worker was in the sound

i eld.

In order to explain the relatively large differences, the
third octave band frequency spectra were exam ned because free
field errors for mcrophone placenent are highest for high
frequency sound. Only the track nounted drill had substantia
energy in the high frequencies.

There are two possible reasons that the track nmounted dril
deviated so nmeasurably from the reference position. First, the
clothes of the mner and/or measurenent technician would absorb the
hi gh frequency noise, thereby reducing the sound |evel as neasured
by a noise dosinmeter or sound level neter. Secondly, any barrier
(e.g.,the mner's head) would reduce the sound |evel as neasured
with a noise dosinmeter or sound |level meter in the shadow zone. It
is believed that the effect of absorption probably exceeds the
barrier effect because the sound fields were fairly uniformand the
sound level was |ower than the undisturbed sound field when
nmeasured on both shoul ders of the worker. No expl anation can be
offered as to why the |oconotive deviated so nuch from the
reference position.

~ Experinental variability resulted in large standard
deviations. The |arge standard deviations conplicate the draw ng
of concl usions based upon the data.

Tabl e 12 summari zes the results based upon the equi prnent
| ocation at the mnes. Mstly, the average neasured sound |eve
was W thin 2 dBA of the sound |level at the reference position,
except for the sound |level neter position when measuring noise
under gr ound. This deviation is attributed mainly to the results
obt ai ned nmeasuring the sound levels of the track nounted drill
Del eting the track nounted drill fromthe underground equi pnent
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greatly reduces the deviation fromthe reference. The reported
accuracy of nmeasuring sound |evels with sound | evel neters across
brands and observers is within 2 dBA (6) The findings of this
experiment are consistent with the reported results.

Table 12 shows that on the average, across all measured m ning
machi nery, the sound |evels neasured on the worker are |ower than
the sound | evel s neasured at the reference position, except for the
strip mning occupations. This inplies that the noi se exposures
nmeasured with noise dosinmeters tend to underestimate the noise
exposure of a worker in reference to damage-risk assessnent based
upon tenporary threshold shifts.

When the noi se exposure is measured at the sound | evel neter
position by a neasuring technician, the measured noi se exposure
tends to be lower than the noi se exposure as neasured with a noise
dosi meter. The situation with the sound level neter is nore
del eterious than with the noise dosimeter. The track mounted dril
I's the exception.

A one way analysis of variance (ANOMﬁ) was conducted to
determne if the differences were statistical ¥ significant. (27)
Statistically significant differences were found between the
measurenent positions and the reference position at the 95 percent
confidence |evel. Because the track munted drill had
substantially different frequency spectra and it is difficult to
accurately neasure high frequency noise, it was deleted fromthe
analysis. The differences remained statistically significant when
the track nmounted drill data were deleted from the ANOVA.

Because the ANOVA found at |east one statistically significant
difference, a Fisher's Least Significant difference test was
conducted to find which differences were significant.(27) Again
the track mounted drill was deleted fromthis analysis. Table 13
summari zes the findings. Basically, the differences between the
reference position and the sound | evel neter position and between
the sound level neter position and the left shoul der noise
dosineter position were statistically significant.

In order to explain the statistically significant differences
between the reference position and the sound |evel meter position,
the differences between the neasurement positions in the
undi sturbed sound field (nobody in the sound field) and the
reference position were tested for statistical significance at the
95 percent confidence level. As with the data when the worker, and
when the worker and measurenent technician were in the sound field,
the Fisher's Least Significant Difference test was conducted.
Statistically significant differences were found between the
reference position and every neasurenent position. Therefore, the
inclusion of a worker in the sound field reduced the gradient
acrgfﬂ_tq% m crophone positions as conpared to the undi sturbed
sound field.
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In addition, the sound levels at the noise dosineter position
and sound |evel neter position in the undisturbed sound field were
conpared to the sane positions when the mner or the mner and
measurenent technician were in the sound field. ANOVA showed that
there was no statistically significant difference between the sound
level s with and without the people in the sound field. Therefore,
the inclusion of people in the sound field did not appreciably
change the sound field at individual nmeasurenment |ocations, even
though the gradient across the mcrophone positions was reduced.

Many regulations, which require the use of instrunentation
whi ch meets Anerican National Standards Institute Type 2 tol erances
as defined in S1.4, state that the results are accurate to within
2 dBA. Tabl e 14 presents the percent of neasurenents for each
classification of mning machinery which lie within the selected
tol erances of the reference position. The nost favorable position
to neasure the noise exposure of a worker appears to be the noise
dosi neter position. Approxi mately 65% of the noi se dosi neter
| ocation nmeasurenments fell within 2 dBA of the reference position.
Bot h shoul der |ocations appeared to be equally accurate.

Al'so, an analysis was conducted using the highest sound |eve
at each instrument m crophone location. The track nounted dril
was del eted because its frequency spectrum differed greatly from

the other pieces of equipnent. ANOVA denonstrated that
statistically significant differences at the 95 percent confidence
| evel existed between the mcrophone |ocations. Fi sher's Least

Significant Difference Test identified the significant differences
which are presented in table 15. The highest sound |evel neasured
at the noise dosineter position agrees very well with the sound
| evel neasured at the reference position.

CONCLUSI ONS

This study has determined that there is no practical
di fference between the occupational sound |evels neasured with
sound level neters and noise dosineters as long as type 2
instrunmentation is used. Type 2 instrunentation iIs generally
specified as having an accuracy of +2 dBA

The noi se dosineter position and the sound |evel neter
position tend to have |ower sound |evels than the reference
posi tion. Admttedl¥, the difference is small conpared to the
standard devi ati on. he differences between the reference position
and the sound |evel neter position and between the |eft shoul der
noi se dosinmeter position and the sound level neter position were
statistically significant. The sound |evel neter position tended
to be |lower than the dosineter position.

~ No statistically significant difference was found between the
noi se dosinmeter position on either the left or right shoul der.
Bot h shoul der |ocations appear to be equally accurate.
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Statistically significant differences were found between the
reference(fosition and the various neasurenment positions in the
undi sturbed sound fi el d. This indicates that a noi se gradient
exi sts between the m crophone positions. Unfortunately, the
statistically significant differences between the noise dosineter
m crophone | ocations and the sound | evel meter m crophone |ocations
cannot be explained as sinply noise gradient effects.

The addition of a mner, or a mner and the neasurenent
technician, into the sound field did not cause a statistically
significant change in the sound | evels at the various neasurenent
| ocations. Therefore, the sound field did not change appreciably
w th the inclusion of people although a mner or a mner and
nmeasurenent technician in the sound field | essened the gradient
across the mcrophone positions.

By choosing to |ocate the noise dosineter mcrophone on the
shoul der exposed to the highest sound | evel, close agreement with
the reference position was obtained. This indicates that prior
know edge of the nost exposed shoul der can inprove the accuracy of
t he noi se exposure nmeasurenents when using noi se dosi neters.

In addition, this field study corroborates the |aboratory
studies that fornmed the basis for MSHA' s sel ection of a noise
dosi neter m crophone nmeasurenment |ocation. MSHA' s noi se dosineter
m crophone neasurenent |ocation is at the top of the shoul der,
m dway between the neck and end of the shoulder with the m crophone
pointing in a vertical upward direction



Table 1. Sunmmary of test neasurenent |ocations and conditions

Oper at or

and techni can

Condi tion
_ Oper at or
Locati on Undi st ur bed only
Center of head CH NA
Ri ght dosinmeter RS RS (0)
Left dosi neter LS LS(0
Sound | evel neter SLIM SLNéog

T
LSE 0, Tf
SLM O, T)

Table 2.  Mning machine tested and | ocation of the mning machine

M ni ng Machi ne Manuf act ur er
Track mounted drill | ngersol | Rand
Load- haul - dunp Ei nto

scoop Acne

Loconot i ve Pl ymout h

Loadi ng nachi ne Jov

Under cutter Jovy

Roof bolter J.S. Fletcher
Crane G ove

Load- haul - dunp Wagner

Pi cking table
Punps

Mbdel
ECM 350
912D

Sl D
TMDR- 22
14B4
10RU
SDBA13
RT 522
ST5A

Location

Under gr ound
Under gr ound
Under gr ound
Under gr ound
Under gr ound
Under gr ound
Under gr ound
Surface
Surface

Pl ant

Pl ant



Tabl e 3.
equi pnent

M ni ng_Equi pnent

Track mounted drill
LHD (under ground)
Scoop

Loconotive

Loadi ng nachi ne
Undercutter

Roof Dol ter

Crane

MD (surface)

Pi cking table

Punps

Test CH

ORI ORI I ORI R ORI WR P WN P W IR WR PR WR R W = w N -

98.
96.
96.
84.
82.
85.
94.
93.
93.
97.
98.
97.
112.
112.
111.
99.
104.
103.
91.
90.
91.
84.
84.
84.
97.
97.
97.
99.
99.
99.
95.
95.
95.

NDRUIOOROORARNRARODOUIOO R, NJOORPNOWWOUIOR,RWNO R

RS( 0)

91.8:
93.
91.
84,
84.
84.
93.
94,
94,
94,
96.
94,
109.
109.
110.
102.
102.
104.
95.
91.
91.
84.
84,
84.
98.
99.
99.
98.
97.
98.
94,
94,
94,

NOONNONOOOOWOOOONRPRONORNRPROORRFRPOWN RN

LS(0)

93.
93.
90.
83.
83.
84.
92.
92.
92.
94.
92.
93.
110.
112.
111.
101.
104.
103.
94,
94.
93.
89.
86.
87.
97.
98.
98.
99.
98.
100.
95.
94,
94.

OWRROWONPOOMTODODOWOHOWONODODUIWNOOVWOWOWOOWOWRNME

A-wei ghted sound levels at the nmeasurement position for each

pi ece of mning

RS(0. T) LS (0, T) Su(0 T)
91.6 93.4 94. 4
92.5 93.3 91.1
90. 6 91.0 93.1
84.4 82.3 83.6
83.6 82.6 83.0
84.3 83.9 83.7
93.8 93.7 92.3
94.2 92.1 92.3
94.2 93.0 92.5
93.5 93.7 93.1
97.0 9i.3 96. 3
93.8 y93.9 94.1

108. 3 110.9 107. 8
109. 3 112.1 107.6
109. 9 110.9 108. 9
102. 7 101.1 99. 8
103.1 106. 1 101.1
104.5 103. 6 101.6
94.9 93.4 90.0
91.0 91.8 89.2
91.8 91.5 90.9
85.0 88. 7 85.7
85.1 86. 3 87.5
84.0 88.5 87.6
97.9 97.3 97.8
98.5 97.6 97.8
99.4 97.6 97.4
97.7 98.6 97.6
96. 8 97.7 97.2
97.6 99.2 97.2
94.5 95.1 93.6
93.5 94.3 93.1
94.0 94. 6 93.6



The difference fromthe reference
each piece of mning equipment

Tabl e 4.
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Table 5. A-weighted sound levels at the nmeasurement position for each piece of mning
equi prent wi thout anyone in the sound field

M ni ng Equi pnent . Test CH RS LS SLM
Track mounted dri | | 1 98.1 97.0 96. 6 97.3
2 96. 6 96.1 97.9 94.8

3 96.7 98.1 98.6 96.1

LHD (under ground) 1 84.3 83.2 82.4 84.0
2 82.1 83.1 82.0 83.0

3 85.0 83. 4' 83.8 83.2

scoop 1 94.5 94.7 93.8 93.9
2 93.9 93.7 92.4 93.5

_ 3 93.3 93.8 92.9 93.3
Loconpti ve 1 97. 3 93.4 95.1 94. 4
2 98.9 95.4 93.6 95.4

_ _ 3 97.2 93.4 93.7 94.0
Loadi ng nachi ne 1 112.1 106. 8 108. 2 108. 0
2 112.9 108. 4 108. 1 108. 8

3 111.9 109. 2 109. 7 109. 8

Under cut t er 1 99.7 99.8 98. 3 98.6
2 104. 1 102.0 103.7 101. 4

3 103. 8 102. 7 101.9 101.9

Roof bol ter 1 91.8 93.5 94. 4 90.7
2 90.5 92.1 93.0 92.4

3 91.9 90.7 92.6 92.3

Crane 1 84.8 84.7 86. 8 87.1
2 84.4 54.9 84.6 87.0

3 84.2 32. 4 85.6 87.2

LHD (surface) 1 97.4 98.0 97.3 97.8
2 97.8 98.1 97.3 98. 3

3 97.6 97.5 95.6 98.5

Pi cking table 1 99.1 97.4 98. 2 98.5
2 99.9 97.3 97.7 98.5

3 99.0 97.4 99. 3 97.9

Punmps 1 95.5 95.5 94. 7 94. 4
2 95.4 94.2 93.8 93.8

3 95.7 94.9 95.0 94.9



Table 6. The difference in A-weighted sound |evels between the measurenment position
and the referencedP03|t|on for each piece of mning equiprent wthout anyone
in the sound fiel

Measurement position - Reference position
Ls SLM

—
(D
4

Py}
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M ni ng Equi prent
Track mounted drill
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LHD (under ground)

scoop
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Loconoti ve

Loadi ng machi ne

Undercutter
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Roof bolter

Cr ane

LHD (surface)

Pi cking table

Punps
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Table 7. The nean difference and standard deviation (s.d.)
from the reference position to the measurenent
position for each piece of mning equipnent
W t hout anyone in the sound field

Measur ement position

m nus
_ reference position
M ni ng Equi pnent Test RS LS SLM
Track nounted drill mean -0.1 0.6 -1.1
s.d. 1.3 1.8 0.6
LHD (underground) mean -0.6 -1.1 -0.4
s.d. 1.4 0.9 1.4
scoop mean 0.2 -0.9 -0.3
S.d 0.4 0.6 0.1
Loconotive mean -3.7 -3.7 -3.2
S. d. 0.2 1.6 0.3
Loadi ng machi ne mean -4.2 -3.6 -3.4
s.d. 1.3 1.3 1.2
Under cutter mean -1.0 -1.2 -1.9
s. d. 1.1 0.8 0.8
Roof bol ter nmean 0.7 1.9 0.4
s.d. 1.6 1.1 1.5
Crane mean -0.5 1.2 2.8
s.d. 1.2 0.9 0.5
LHD (surface) mean 0.3 -0.9 0.6
s.d. 0.4 1.0 0.3
Pi cking table mean -2.0 -0.9 -1.0
s.d. 0.6 1.3 0.4
Punps mean -0.7 -1.0 -1.2
s.d. 0.6 0.5 0.4



Table 8. A-weighted sound |evels at the measurenent position for each piece of mning

equi pnent

M ni ng Equi pnent Test CH HVS L&l HBS LBS SLM O TL
Track mounted drill 1 98.1 93.1 91.8 93.4 91.6 94. 4
2 96. 6 93.4 93.2 93.3 92.5 91.1
3 96. 7 91.6 90.9 91.0 90. 6 93.1
LHD (under gr ound) 1 84. 3 84. 4 83.0 84. 4 82.3 83.6
2 82.1 84. 2 83.0 83.6 82.6 83.0
3 85.0 84.9 84. 3 84. 3 83.9 83.7
scoop 1 94.5 93.9 92.9 93.8 93.7 92.3
2 93.9 94. 1 92.3 94. 2 92.1 92.3
3 93.3 94. 1 92.9 94. 2 93.0 92.5
Loconot i ve 1 97.3 94.9 94.0 93.7 93.5 93.1
2 98.9 96. 8 92.2 97.0 92.3 96. 3
_ _ 3 97. 2 94. 1 93. 3 93.9 93. 8 94.1
Loadi ng machi ne ;X 112.1 110.5 109. 2 110.9 108. 3 107. 8
2 112.9 112.0 109. 4 112. 1 109. 3 107. 6
3 111.9 111.0 110.0 110.9 109.9 108.9
Undercutter 1 99. 7 102. 2 101.2 102. 7 101.1 99. 8
2 104. 1 104. 9 102.9 106. 1 103.1 101. 1
3 103. 8 104. 4 103.9 104.5 103. 6 101. 6
Roof bol ter 1 91.8 95.7 94. 6 94.9 93.4 90.0
2 90.5 94.9 91.0 91.8 91.0 89. 2
3 91.9 93.0 91.8 91.8 91.5 90. 9
Crane 1 84. 8 89. 8 84. 6 88.7 85.0 85. 7
2 84. 4 86. 6 84. 8 86.3 85. 1 87.5
3 84.2 87.9 84. 3 88.5 84.0 87.6
LHD (surface) 1 97. 4 98. 6 97. 4 97.9 97. 3 97.8
2 97.8 99.0 98. 2 98.5 97.6 97.8
o 3 97.6 99. 8 98.0 99. 4 97.6 97. 4
Pi cking table 1 99.1 99. 3 98. 7 98. 6 97.7 97.6
2 99.9 98.9 97.9 97.7 96. 8 97.2
3 99.0 100. 1 98. 7 99.2 97.6 97.2
Punps 1 95.5 95. 4 94. 9 95.1 94.5 93.6
2 95. 4 94. 3 94. 0 94. 3 93.5 93.1
3 95. 7 94. 8 94. 2 94. 6 94. 0 93.6



Table 9. The difference in A-weighted sound |evels for the dosineter position from
the sound |evel meter position when both measurements were on the sane side
of the operator of the mning equi pment

SLM SLM Dosi net er

M ni ng Equi pnent Test Shoul der Posi tion Position Difference
Track mounted drill 1 | eft 94.4 93.1 1.3
2 | ef t 91.1 93.4 -2.3
3 | ef t 93.1 90.9 2.2
LHD (under ground) 1 | ef t 83.6 83.0 0.6
2 | ef t 83.0 83.0 0.0
3 | ef t 83.7 84.9 -1.2
Scoop 1 | ef t 92.3 92.9 -0.6
2 | ef t 92.3 92.3 0.0
3 | ef t 92.5 92.9 -0.4
Loconot i ve 1 right 93.1 94.9 -1.8
2 right 96. 3 96. 8 -0.5
3 right 94.1 94.1 0.0
Loadi ng machi ne 1 right 107. 8 109. 2 -1.4
2 rlght 107.6 109.4 -1.8
3 ht 108. 9 110.0 -1.1
Under cut ter 1 Ie t 99. 8 101. 2 -2.4
2 | ef t 101.1 104.9 -3.8
3 | ef t 101. 6 103.9 -2.3
Roof bol ter 1 | ef t 90.0 94.6 -4.6
2 | ef t 89. 2 94.9 -5.7
3 | ef t 90.9 93.0 -2.1
Crane 1 | ef t 85.7 89. 8 -4.1
2 | ef t 87.5 86. 6 0.9
3 | ef t 87.6 87.9 -0.3
LHD (surface) 1 right 97.8 98.6 -0.8
2 right 97.8 99.0 -1.2
3 ht 97. 4 99.8 -2.4
Pi cking table 1 | eft 97.6 99.3 -1.7
2 | ef t 97.2 98.9 -1.7
3 | ef t 97.2 100. 1 -2.9
Punps 1 right 93.6 94.9 -1.3
2 right 93.1 94.0 -0.9
3 right 93.6 94.2 -0.6



Table 10. The nmean and standard deviation of the dosineter
position fromthe sound | evel neter position

Location Test Difference
Under gr ound Mean -1.3
s.d. 1.9
Drills (underground) Mean 0.4
s. d. 2.4
Under ground (del eting Mean -1.6
drills) s. d. 1.7
Surface Mean -1.3
s. d. 1.7
Preparati on plant Mean -1.5
s.d. 0.8
All Mean -1.4
s.d. 1.7



Table 11. The nmean difference and standard deviation (s.d.) from the
reference position to the measurenment position for each piece of
m ni ng equi prent

Measurenent position - reference position

M ni ns Equi pnent Test RS(0) LS (0) RS(0. T) LS(O. TL SLM O T)
Track mounted drill mean -4.9 -4.7 -5.6 -4.6 -4.3
s. d. 1.4 1.3 1.3 1.2 1.1
LHD (under gr ound) mean 0.5 -0.2 0.3 -0.9 -0.4
s.d. 1.4 1.1 1.1 1.3 1.1
scoop mean 0.1 -1.2 0.2 -1.0 -1.5
s. d. 0.7 0.7 0.8 0.8 0.7
Loconot i ve mean -2.5 -4. 6 -3.0 -4.5 -3.3
s. d. 0.5 | L-.8 1.0 1.8 0.8
Loadi ng machi ne nmean -2.8 -1.1 -3.1 -1.0 -4.2
s. d. 0.8 0.4 1.0 0.2 1.2
Under cut ter nmean 0.6 0.8 0.9 1.1 -1.7
s. d. 1.9 0.7 2.0 1.1 1.6
Roof bol ter nmean 1.4 2.8 1.2 0.8 -1.4
s. d. 2.2 1.7 1.7 1.1 0.4
Crane mean 0.1 3.6 0.2 3.4 2.5
s. d. 0.3 1.4 0.5 1.3 1.4
LHD (surface) nmean 1.5 0.3 1.0 -0.1 0.1
s. d. 0.6 0.2 0.7 0.1 0.3
Picking table nmean -0.9 0.1 -2.0 -0.8 -2.0
s. d. 1.0 1.1 1.0 1.2 0.6
Punps mean -1.2 -0.7 -1.5 -0.9 -2.1
s.d. 0.5 0.5 0.5 0.4 0.2



Table 12. The nmean difference and standard deviation (s.d.) from the
reference position to the neasurenment position for mning
equi pnment by | ocation

_ Measur ement position - reference position
Location Test RS(0) LS(0) RS(O. T) LS(0, T) SL.MO.T)
Under gr ound mean -1.1 -1.2 -1.3 -1.4 -2.4

s. d. 2.5 2.8 2.7 2.4 1.7

Drills (underground) mean -4.9 -4.7 5.6 -4.6 -4.3
s. d. 1.4 1.3 1.3 1.2 1.1

Underground (del eting mean -0.4 -0.6 -0.6 -0.9 -2.1
rills) s. d. 2.0 2.5 2.2 2.1 1.6

Sur f ace mean 0.8 2.0 0.6 1.6 1.3
s. d. 0.9 2.1 0.7 2.1 1.6

Preparation plant mean -1.0 -0.3 1.8 -0.8 -2.0
s. d. 0.7 0.9 0.7 0.8 0.4

All mean -0.7 -0.4 1.0 -0.8 -1.7
s. d. 2.2 2.6 2.3 2.4 2.0



Tabl e 13. Summary of the Fisher's Least Significant Difference Test for
m crophone | ocation

I\I\ﬁlbasurﬁnent - _ _ ] I _

crophone nparison_m crophone |ocation
Cocation RS(OL_ , LS( O RS(0, T) LSO T) S (0, )

C H n sig nsig n sig n sig sig
RS (0 nsig n stg n-shg n-sig
LS (0 n sig n sig si g
RS(O, T) n sig nsig
LS (O T) nsig

g\ Not statistically significant at the 95 percent confidence |evel.
Statistically significant at the 95 percent confidence |evel.



Tabl e 14. The percent of mneasurements which were within selected tol erances
of the reference position

Tol er ance Measur enent position

Location in dba RS (0) LS(0)  RS(0.T) LS(0.T)  SLMO.T)
Under gr ound 1 38.1 33.3 42.9 33.3 23.8
2 47. 6 61.9 57.1 71.4 42.9
3 71.4 66. 7 61.9 71. 4 66. 7
Drills (underground) 1 00.0 00.0 00.0 00.0 00.0
2 00.0 00.0 00.0 00.0 00.0
3 00.0 00.0 00.0 00.0 00.0
Under ground (del eting 1 44, 4 38.9 50.0 38.9 27.8
drills) 2 55.6 12.2 66. 7 83.3 50.0
3 83.3 77.8 712.2 83.3 77.8
Surface 1 50.0 50.0 83.3 50.0 66. 7
2 83.3 50.0 100.0 66. 7 66. 7
3 100.0 66. 7 100.0 66. 7 66. 7
Preparation pl ant 1 50.0 66. 7 16. 7 50.0 00.0
2 100.0 100.0 83.3 100.0 50.0
3 100.0 100.0 83.3 100.0 100.0
Al l 1 42. 4 42. 4 45.5 39.4 27.3
2 63. 6 66. 7 69.7 75. 8 48.5
3 81.8 12,7 12.7 75. 8 12.7



Table NO. Summary of the Fisher's Least Significant Difference Test for
microphone location

Measurement

Microphone " Comparison microphone location
Location HMS IMS HBS LBS SIM(O,T
CH n sig® sigB n sig sig sig
HMS sig n siqg sig sig
IMS sig n sig n sig
HBS sig sig
LBS n sig

A Not statistically significant at the 95 percent confidence level.
Statistically significant at the 95 percent confidence level.
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